sleep. If the activity of one or more of the monoaminergic cell groups is correlated with muscle tone, one would neurons cease discharge, and serotonergic neurons greatly reduce activity. We now report that, in contrast expect that these cells would cease discharge in cataplexy. If their activity is linked to waking, one would to these other monoaminergic "REM-off" cell groups, histamine neurons are active in cataplexy at a level predict that they would maintain their discharge during cataplexy. We have previously reported that noradrenersimilar to or greater than that in quiet waking. We hypothesize that the activity of histamine cells is linked We recorded a total of 156 neurons in the ventral postewaking, muscle tone is continuously present, but, in rior lateral hypothalamus (PLH) across the sleep-wake REM sleep, tone in the antigravity muscles is absent.
REM-Off Cells Had Similar Discharge Rates in Quiet Waking and Cataplexy 2003)
. This REM-off pattern was observed in dialysis studies that measured histamine release from the poste-REM-off cells had their highest firing rates in active waking (AW) and reduced their discharge rates in QW and rior hypothalamus, with high and uniform levels seen during waking, reduced levels in NREM sleep, and mini-NREM sleep; they exhibited very low discharge rates or complete cessation of activity throughout REM sleep mal levels in REM sleep, exactly tracking the unit activity profile that we report (Strecker et al., 2002) .
( Figure 2A ; Table 1 ). REM sleep firing rates were significantly lower than AW firing rates (t ϭ 5.7; df ϭ 13; p Ͻ 0.01; Bonferroni t test). The average activity rates in both REM-Off Cells Were Recorded from the Region Containing Histamine-IR Cells REM sleep (t ϭ 2.7; df ϭ 13; p Ͻ 0.05; Bonferroni t test) and NREM sleep (t ϭ 2.9; df ϭ 13; p Ͻ 0.05; Bonferroni Histamine-immunoreactive (histamine-IR) cells (20-50 m diameter) were largely concentrated in the tuberot test) were also significantly lower than that in QW. The average discharge rate of these cells in cataplexy mammillary nucleus in the ventral PLH of the dog, as described in other species ( Figure 1A Figure 1B .
Effect of Cataplexy-Enhancing Drugs on the Activity of REM-Off Cells REM-Off Cells Had Long Action Potential Duration
The spike widths (action potential durations) differed All three cataplexy-enhancing drugs that were tested produced no significant change in the firing rate of posbetween cell groups defined on the basis of their discharge rate profile (F ϭ 3.7; df ϭ 6,149; p Ͻ 0.002; terior hypothalamic REM-off cells, as compared to the pretreatment quiet waking state. After the administra-ANOVA). The spike width of the REM-off cells (2.3 Ϯ 0.2 ms) was significantly greater than those of wake/REMtion of the anticholinesterase physostigmine salicylate (n ϭ 6), the ␣1 adrenergic antagonist prazosin (n ϭ 2), active (1.8 Ϯ 0.04 ms) and REM-active (1.3 Ϯ 0.08 ms) and the ␣2 adrenergic agonist BHT-920 (n ϭ 3), these treatment levels ( Figure 5A ). The behavior of these cells contrasts with that of LC and dorsal raphe cells, which cells remained active or increased their firing rate during the period before cataplexy onset, as compared to prereduce their discharge rate after administration of these drugs and further reduce their rate immediately prior to other hand, the H1 antagonist mepyramine and the H3 (autoreceptor) agonist ␣-methylhistamine did not signifiand during spontaneous cataplexy attacks ( Figure 5B ; Wu et al., 1999 Wu et al., , 2004 .
cantly change the severity of cataplexy ( Figure 5C ). release was significantly higher in NREM sleep as comthose in NREM sleep ( Figure 3D; Figure 7B ; Table 1 ). firing rates in REM sleep were significantly higher than lower than that in QW ( Figure 7C ). The mean discharge rate during cataplexy was nonsignificantly higher than df ϭ 18; p Ͻ 0.05; Bonferroni t test) and REM sleep (t ϭ 2.6; df ϭ 18; p Ͻ 0.05; Bonferroni t test) were significantly those in NREM sleep and REM sleep but was lower than that in AW ( Figure 7D ; Table 1 ). The average activity of State-Independent and Other Cells Fire during Cataplexy this group of cells during cataplexy was comparable to that seen during QW ( Figure 7D ; Table 1 ).
Effect of Histaminergic and Noradrenergic
Cells in the state-independent category did not show substantial changes in their discharge rates across S-W states or in cataplexy (Figures 7G and 7H ; Table 1 ).
REM-Active Cells Do Not Alter Firing in Cataplexy
In the category of "other," three neurons in NREM Compared with QW but Fire Less in Cataplexy sleep and two in QW showed maximal discharge, and Than in REM Sleep the remaining cells showed a high discharge rate in REM-active cells showed maximal tonic discharge rate more than one S-W state (Table 1) . On average, these selectively during REM sleep ( Figure 7E ; Table 1 ). These cells were somewhat more active during cataplexy than cells had an average firing rate in REM sleep that was in QW (Table 1) . five times higher than that in AW (t ϭ 3.1; df ϭ 6; p Ͻ 0.05; Bonferroni t test; 
Discussion

Identification of Histamine Cells
Activity of Histamine, Norepinephrine, and Serotonin Cells in Cataplexy
We have found that, during cataplexy attacks, presumed histamine-containing cells fire at levels similar to or higher than those seen in quiet waking (QW). Our microdialysis-HPLC measurements showed that GABA release into the tuberomammillary nucleus was significantly reduced in cataplexy relative to sleep and waking levels. This reduction in GABA release is likely to disinhibit histamine cells (Nitz and Siegel, 1996) . Along with increased forebrain excitation, this may explain the maintained discharge of histamine cells at a time when noradrenergic and serotonergic neurons are decreasing were then rinsed and incubated in 1:100 ABC in PBS for 2 hr (Vector of mean AW firing rate). Wake-active cells were defined to be those Laboratories, Inc., Burlingame, CA). After being rinsed with Triscells with highest activity in AW, with firing rates during REM and buffered saline, sections were incubated for 5-10 min in 0.05% NREM sleep that were 10%-80% of the mean firing rates during diaminobenzidine and 0.001% H 2 O 2 , yielding a brown precipitate AW. NREM-off cells were defined as those cells whose firing rates in histamine-IR neurons. Control sections processed without the were Ͻ10% in NREM sleep and 10%-50% in REM sleep of the mean antihistamine antiserum showed no specific staining or labeled firing rates in AW. REM-off cells were defined to be those cells neurons. whose firing rates in REM sleep were Ͻ10% of the mean firing One series of hypothalamic sections was rinsed in 5% potassium rates in AW. REM-active cells were defined to be those cells whose ferrocyanide for the Prussian blue reaction to locate the iron deposit highest discharge rates occurred during REM sleep. State-indepenat the tip of the electrode and then stained with cresyl violet. Mapdent (SI) cells were defined to be those whose firing rates in NREM ping of histamine-IR neurons and reconstruction of the electrode and REM sleep were within 20% of their mean AW firing rate. Cells tract were done with the help of a Neurolucida Imaging System that did not fit into any of the above categories were classified (Microbrightfield, Colchester, VT). as "other." 
Effects of
